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1 .2. Polyaniline By . 0sfjmu Hatozaki -i f Noboru 0y ama * 2 

^'Cw' TnTresXnes o„ «. UeW. and orfdailon ooodKon have bean mad. 

earner of positive or negative ^^^^ v , snotobseivedinother conductive polymers .n 
polyaniline demonstrates a characteristic tnai is jd d , } jn g ddi tion to 

tha t the electronic of polymer, 

oxidation-reduction doping \ Research on to re _ lactrtjnlc conductivity have been 
protonation. conformation of polymer chain etc to £ !*^^$^ with other 
vigorously carried out in regard to , p^ne and J *«^^°^ Mon {radical) , 
conductive polymers, polyaniline » J^ 8 ^^ ^chromic materia., nonlinear 
indicating it, use ery £^%£* 9 material , a ^ ^ tthlum battery 

optical material, ate. Especia ly, as ' ^J** , was recently put into practice as a backup 
using polyaniline as the positive pole material was recently put u p 

power source for computer 5 '- 
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1 2.4. Electronic conductivity of polyaniline 

Polyaniline is an insulating material <a~ 10" 10 Stem) in reduced condition (leukoemerald.n). 
Polyaniline that demonstrates electronic conductivity is obtained by oxidation (dopmg) of the 
reduced polyaniline in acidic atmosphere. In otherwords. the oxidant (Iminesite) should be 
orotonated for expression of electronic conductivity of polyaniline 4 '. Conducive polyaml.ne 
is assumed to possess polysemiquinone structure in which amine nitrogen atom and 
nitroqen atom having radical and positive charge are alternately present (polaron sate) 
rscheme 4) 27 ' This structure is stabilized by resonance and all the monomer units are 
considered to be equivalent. The result of Raman spectrometry suggested that protonated 
em ^din maS insists <* ^enzenoid structure that slightly demonstrates qmnortc 
characteristic-'. Furthermore, when protonated emerald* is * 
absorption spectrometry, the absorption whose peak »s observed at 800 nm (Fig. 2 ) is 
considered to be attributable to the transition from the valence electron to polaron level 2 * 
In acidic atmosphere, the conductivity of polyaniline rapidly goes up in the .nifal stage of 
oxio^on from leukoemeraldin to emeraldin-' Therefore, it is considered that .he , e.ectron.c 
conductivity of polyaniline is manifested by forming a structure as shown m scheme 4 (even a 
^£S££» *H do) over the polymer chain. According ^ H ^^X^f 
orbital method it is expected that the size of band gap rapidly decreases at the bme of 
Sio„ oneukoemeraldin but that not much change occurs in the subsequent ox,dation 



process 30 *. 




Scheme 4Structure of conductive polyaniline 
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2, PEO system 



By: Shuichi Izuchi * 



2.1- Introduction 

A3 described in the section 1 of Chapter 4, there are 2 types of polymer electrolytes in the 
PEO system that is, dry type and gel type. The dry type was reported first in 1 975 when P.V. 
Wright demonstrated for the first time the conduction of sodium Ion by PEO The gel 
electrolyte of PEO system was disclosed in the Japanese Patent in 1988 >. At present, the 
investigation is going on to generally use the dry type electrolyte for the battery a^<"^ 
high temperature of 60*C or more and to use the gel type electrolyte in the private sector 
where the usage temperature is at the room temperature or lower. As such the 
development of PEO system gel type electrolyte started for the purpose of improving the diy 
tvoe but the development the different direction in view of the practical use. 
jZ section describes the results of researches up to present on the PEO system polymer 
electrolytes and the battery using these electrolytes. 

2 2. Ion conduction mechanism of PEO system dry type electrolyte 

Okamura et al. demonstrated that PEO/sodium ion complex crystal is generated by 
coordination of sodium ion in the oxygen atom of PEO chain as shown in Fig. 1 . Referring to 
the phase diagram 
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Fig. 2 Phase diagram of PEO-L1CIO4 aud ion 
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(Fig. 2) 4 \ the ion conductivity became the maximum in the field of oxygen/Li ion ratio range 
where no complex crystal is generated, and the ion conductiveiy considerably decreases 
around the melting point of PEO (60 - 65°C) as shown in Fig. 3 n> . These results indicate that 
the transition of alkaline metal ton mainly occurs in the amorphous regeion. Watanabe et al. 
demonstrated that the temperature-dependency of ion conductivity follows the WLF type 
formula (formula (1); Fig. 4) and indicated on the basis of comparison with the 
temperature-dependency of dielectric relaxation time that this occurs in cooperation with the 
molecular movement 5). In the following formula, o(T 0 ) and T 0 refer to the ion conductivity at 
the absolute temperature T and the absolute temperature T 0 respectively and T 0 refer to the 
standard temperature, while Ci and C 2 refer to WLF constants. 



c <r-r„) 
3 «* p c,+ (r-n) 



The above suggests the substantial contribution of the polymer chain movement (segment 
movement) in the amorphous state to the ion conduction. 
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Fig. 3 Ion conductivity of PEO-NaSCN and 
PEO-Nal (ac L592 Hz) 
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Ion conductivity of various polymer electrolytes 
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10. PEO-PPO-PEO block copolymer crosslinked with 
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11., Poly <N*rwtbyl aririrfinf.), UClCn 8/1. 



2.3. Improvement of ion conductivity of PEO system dry type electrolytes 
It is important to suppress the crystallization of polymer and to enhance the segment 
movement in order to improve the ion conductivity of polymer electrolytes. Fig. 5 shows the 
results of various improvements 4 *. These improvements are summarized into the following 
2 methods: (1) Crosslinking method (including copolymer) and (2) Side chain method. 
Other methods that have been performed are (3) addition of plasticizer, (4) blending of 
heterogeneous substance, (5) improvement of salt, etc. 
2.3.1, Crosslinking 

The interactions between the PEO chains are weakened and crystallization is suppressed by 
crosslinking. As a result, the ion conductivity is increased at room temperature or lower than 
that. 

P.V. Wright, et al. demonstrated that the ton conductivity at room temperature was increased 
to about Sxio^S/cm by crosslinking 6 * while A. Gandini et al. showed that the copolymer 
network of ethylene oxide and propylene oxide became about lO^S/cm by crosslinking 71 . 
Motogami et al. reported that the conductivity of about lO^S/cm was obtained at the room 
temperature by crosslinking the 3 functional prepoiymers with the basic structure shown in 

m- 

(-CH2CHO-). 

CHi- (OCHtCHj) 1-OCH1 
(0 

The method of crosslinking is very important from the utility viewpoint because it is related to 
not only the ion conductivity improvement but also to the mechanical and thermal 
improvement. 
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